Objective Fibrogenic cytokines, such as transforming growth factor-beta 1 play a central role in the progression of liver fibrosis. Recently, functional gene polymorphisms in these cytokines have been identified, and some reports have validated the presence of associations between these polymorphisms and disease progression. Connective tissue growth factor (CTGF) is a stimulating factor for fibroblast proliferation and matrix production. This study aimed to examine the relationship between CTGF gene polymorphisms and the progression of hepatitis C virus (HCV)-related chronic liver disease, as well as the incidence and prognosis of hepatocellular carcinoma (HCC). Methods A review was conducted among 235 HCV patients (117 patients with chronic hepatitis (CH) and 118 patients with liver cirrhosis (LC)). The CTGF gene polymorphism (rs6918698; -945 G/C) was identified according to the chimeric cycling probe method. The rate of liver fibrosis progression was measured using two liver fibrosis prediction formulas, the Forns index and the FibroIndex. All HCC patients were followed regularly every month. Results The frequency of the -945 C allele was higher among the LC patients than the CH patients. Regarding the rate of liver fibrosis progression over five years, C homozygotes tended to exhibit a faster rate than G carriers, although the difference was not significant. Among the LC patients, the C homozygotes demonstrated lower prothrombin times, higher rates of indocyanine green retention and higher Child-Pugh scores than the G carriers. There were no significant tendencies in the genotype distribution, irrespective of the status of HCC. However, the prognosis of HCC was poorer for the C homozygotes than for the G carriers. Conclusion A CTGF -945 C homozygote status is a significant risk factor for the progression of HCVrelated chronic liver disease, including HCC.
Introduction
Hepatitis C virus (HCV)-related chronic liver disease is one of the most important health issues worldwide. Approximately 170 million people, or 3% of the world's population, are chronically infected with HCV (1) . Chronic HCV infection commonly induces reactive immune inflammation, which results in continuous liver tissue damage and the progression of liver fibrosis to cirrhosis. Liver fibrosis is a highly dynamic process, and the rate at which fibrosis develops exhibits substantial individual variation. Previous reports have shown that individual features, such as a male gender, older age, infection and excessive alcohol consumption, are significantly associated with the progression of liver fibrosis (2) . However, factors promoting the progres-sion of HCV-related liver fibrosis remain poorly understood.
Transforming growth factor-beta 1 (TGF-β1) is the central cytokine responsible for hepatic fibrogenesis (3) . Connective tissue growth factor (CTGF; also named CCN2) is a representative TGF-β downstream modulator that functions as a profibrotic cytokine (4) . CTGF is produced by hepatocytes, hepatic stellate cells (HSCs: Ito cells), myofibroblasts and cholangiocytes (5, 6) . CTGF is associated with key fibrosis functions, including the transdifferentiation of HSCs into myofibroblasts, proliferation of fibroblasts, production of the extracellular matrix (ECM) and formation of adhesion and granulation tissue (7) . CTGF also contributes to the development of fibrosis by acting in synergy with various profibrogenic growth factors, including platelet-derived growth factor (PDGF) and vascular endothelial growth factor (VEGF) (7) .
Numerous functional gene polymorphisms of ECM metabolism-related factors have been identified, and previous reports have demonstrated possible relationships between these gene polymorphisms and the progression of fibrosis of chronic liver disease (8) . We previously studied the relationships between HCV-related chronic liver disease progression and the presence of functional single-nucleotide polymorphisms (SNPs) of inflammatory cytokines (interleukin-1 beta (IL-1β), an IL-1 receptor antagonist and IL-10), TGF-β, matrix metalloproteinases (MMP-1, -2, -3, -7 and -9) and tissue inhibitors of MMPs (TIMP-1 and -2). Many of these SNPs are associated with liver fibrosis and the development and prognosis of HCC, at least in part (9) (10) (11) (12) (13) . Recent reports have shown that various fibrosis-related cytokines and MMPs interact with CTGF. For example, IL-10 and TGF-β are upstream modulators of CTGF (14) . Furthermore, IL-1β and MMP-3 exhibit facilitative relationships with CTGF (15) . Therefore, we hypothesized that CTGF gene polymorphisms affect the development and/or progression of HCV-related liver fibrosis. The CTGF gene contains regions of SNPs. A putative SNP located in the promoter region (rs6918698; -945 G/C) has recently been studied in relation to the severity of various chronic inflammatory diseases (16) . In general, the G allele exhibits a higher transcriptional activity than the C allele (17) . However, there are few reports confirming a relationship between CTGF -945 G/C and the progression of fibrosis in patients with chronic liver disease. In the present study, we examined the possible relationship between the CTGF -945 G/C polymorphism and the progression of chronic HCV liver disease. In addition, the degree of liver fibrosis has been shown to be a strong predictor of HCC development (18) . Therefore, we additionally examined the association between the CTGF -945 G/C polymorphism and the incidence and prognosis of HCC in Japanese patients.
Materials and Methods

Subjects
All patients with chronic HCV infection treated at Tottori University Hospital were recruited for this study. Overall, 235 patients with HCV-related chronic liver disease were enrolled. All subjects were Japanese and positive for serum HCV-RNA. Patients were excluded if they had chronic hepatitis B infection, autoimmune hepatitis, primary biliary cirrhosis and/or alcoholism or the habitual ingestion of >150 g ethanol per day. Twenty patients had received interferon treatment prior to enrollment in our study, none of whom had achieved a sustained virologic response. The diagnoses of chronic hepatitis (CH) and liver cirrhosis (LC) were confirmed based on clinical features and the results of histological examinations, laboratory tests and/or imaging studies (computed tomography (CT) and magnetic resonance imaging (MRI) (19) ). All of the study subjects received routine blood liver function tests every three months at our department. The liver function was observed over five years in 63 CH patients.
The diagnosis of HCC was defined based on the results of imaging studies, including angiography, dynamic contrast-enhanced CT and MRI. Forty-five patients also underwent liver histological examinations. The grade of HCC histologic differentiation was determined according to the classification of Edmondson and Steiner. Clinicopathological features, including the tumor diameter and morphology, presence of tumor thrombosis, the levels of serum tumor markers [alpha-fetoprotein (AFP) and protein induced by the lack of vitamin K or antagonists-II (PIVKA-II)] and the CLIP (Cancer of the Liver Italian Program; a prognostic scoring system for HCC patients) score, were referred to the first diagnosis of HCC. Among patients with multiple HCC tumors, the largest lesion was evaluated as the HCC diameter. Following the first diagnosis of HCC, all HCC patients received monotherapy or combination therapy consisting of surgical resection, microwave coagulation therapy (MCT), transcatheter arterial chemoembolization (TACE), percutaneous ethanol injection (PEI), percutaneous acetic acid injection (PAI), and radiofrequency ablation (RFA) and followed up regularly every month. The mean follow-up period in the HCC patients was 3.9±2.5 years.
This study was approved by the Committee for the Ethics of Medical Experiments on Human Subjects of the Medical Faculty of Tottori University. Written informed consent was obtained from each subject prior to blood collection.
DNA extraction
Genomic DNA was extracted from peripheral white blood cells using a DNA extraction kit (DNA Quick II: Dainippon Pharmaceutical, Osaka, Japan) according to the manufacturer's instructions. 
Analysis of the CTGF -945 G/C polymorphism
The CTGF -945 G/C polymorphism was identified according to the cycling probe method using Cycleave PCR (Takara Bio, Ootsu, Japan) and DNA/RNA chimeric probeadapted real-time polymerase chain reaction (PCR) (20) . The sequences of the primer set and probes were as follows: PCR forward primer, 5'-TTGATCATTTGTCACTTGAGG-3'; PCR reverse primer, 5'-CTTTGCATCCCAGTGTTC-3'; G allele probe, 5'Eclipse-AGGGACgAG-FAM3'; C allele probe, 5' Eclipse-AAGGGAGgAG-FAM 3' (italic lower case letters represent RNA). PCR was carried out at a final volume of 20 μL, including 2 μL (10 ng) of genomic DNA, 0.4 μL of both primers, 0.8 μL of the cycling probe, 10 μL of Cycleave PCR Reaction Mix (Takara Bio), and 6.4 μL of sterile H2O. The PCR conditions were as follows: 95 for 25 seconds, followed by 45 cycles of denaturation at 95 for 5 seconds, primer annealing at 55 for 10 seconds and extension and fluorescence emission at 72 for 15 seconds. Fluorescent signals were assessed using a LightCycler 1.5 (Roche, Mannheim, Germany).
Analysis of the rate of liver fibrosis progression
We examined the rate of liver fibrosis progression based on long-term observations of the CH patients. The paired liver biopsy test is the gold standard for estimating the degree of liver fibrosis progression. However, liver biopsies are associated with complications, such as hemorrhage, other organ injury and infection, with consequent possible death (21) . Therefore, we evaluated the rate of liver fibrosis progression noninvasively using two liver fibrosis predicting formulas based on routine laboratory tests: the Forns index (22) and the FibroIndex (23). We were able to follow 63 CH patients over five years with routine blood tests. There were nine patients in whom we were unable to collect gamma globulin values, a factor of the FibroIndex.
The formulas for the Forns index and FibroIndex are as follows:
Forns index =7.811-3.131× ln (platelet count) +0.781
The changes in the index values were calculated by subtracting the patient's values obtained at the time of study enrollment from the values obtained at the completion of the five-year follow-up period and comparing the mean value with the incidence of the CTGF -945 G/C genotype. The patients were divided into the following two groups based on the presence/absence of progression of liver fibrosis those exhibiting an index change of >0 after five years were defined as demonstrating progression, while those with an index change of <0 were defined as not demonstrating progression.
Statistical analysis
The values are expressed as the mean ± SD. Differences in the genotype distribution were determined using the chisquare test. Differences in data between the two groups were assessed using Student's t-test, the chi-square test and Fisher's exact test, as appropriate. We used a logistic regression analysis to adjust for aging, and the log-rank test to examine differences in the overall survival rate obtained according to the Kaplan-Meier method. A p value of <0.05 was considered to be statistically significant.
Results
The genotype distributions and allele frequencies of CTGF -945 G/C among the Japanese patients with chronic HCV infection are shown in Table 1 . The CTGF -945 G/C genotype was distributed in accordance with the HardyWeinberg equation (p=0.78 and p=0.45 for CH patients and LC patients, respectively) (24) . The C allele frequency of CTGF -945 G/C was significantly higher in the LC patients than in the CH patients (p=0.04), although there were no significant differences in genotype between the two groups.
Regarding the relationship between the genotype and the rate of liver fibrosis progression in the CH patients, the CTGF -945 C homozygotes tended exhibit a faster rate of progression of fibrosis than the G carriers, as calculated using both the Forns index and FibroIndex. However, the difference was not significant (Table 2) . There were 9 patients in whom we were not able to collect gamma globulin values.
at time of study enrollment) > 0 In order to examine the effects of the CTGF -945 G/C genotype on the patients with advanced liver fibrosis, we compared clinical liver function parameters, as shown in Table 3. Among the LC patients, the CTGF -945 C homozygotes had significantly lower prothrombin times (p=0.007), higher Child-Pugh scores (p=0.003) and higher indocyanine green retention rates (ICG-R) at 15 minutes (p=0.045) than the G carriers.
In order to investigate the relationship between the CTGF -945 G/C genotype and the incidence of HCV-related HCC, we compared the CTGF -945 G/C genotype distribution and allele frequency between the patients with (n=91) and without (n=144) HCC, as shown in Table 4 . The proportion of C homozygotes and frequency of the C allele tended to be higher among the HCC patients than non-HCC patients, although the trend was not significant (p=0.054 and p=0.15, respectively). We compared clinical liver function parameters in order to examine the background characteristics of the patients with and without HCC, as shown in Table 5 . The HCC patients exhibited significantly lower levels of platelets (p=0.025) and albumin (p=0.0001) and higher values of ICG-R (p=0.04), hyaluronic acid (p=0.00001) and Type IV collagen (p=0.002) than the patients without HCC. In order to adjust for aging, we used a logistic regression analysis. Ultimately, only the hyaluronic acid levels were found to be significantly different between the patients with and without HCC.
Next, we analyzed the clinical parameters of the HCC patients at the first diagnosis of HCC. The CTGF -945 C homozygotes had higher Child-Pugh scores (p=0.03). On the other hand, the tumor diameter, number of tumors, degree of tumor tissue differentiation, presence of tumor thrombosis, CLIP score, initial treatment of HCC and HCC recurrence rate, which may affect the HCC prognosis, did not differ be- tween the -945 C homozygotes and the G carriers (Table 6) . We also examined the prognosis of the HCC patients divided into groups of C homozygotes and G carriers. As determined according to the Kaplan-Meier analysis, the C homozygotes had a significantly poorer prognosis than the G carriers (p=0.01, Figure) , and more HCC patients died due to HCC (Table 7 ). In addition, there were no significant differences in the cause of death between the C homozygotes and the G carriers (p=0.20, Table 7 ).
Discussion
In this study, we examined the association between the CTGF -945 G/C polymorphism and the progression of liver fibrosis in Japanese patients with chronic HCV infection. To the best of our knowledge, this is the first study to investigate the possible association between CTGF -945 G/C and HCV-related chronic liver disease progression, including the development and prognosis of HCC in a Japanese population.
The CTGF -945 gene is located at chromosome 9q23. A total of 33 SNPs associated with this gene with a minor allele frequency of >20% have been identified, and seven sites of linkage disequilibration have been evaluated using the Haploview software program (Broad Institute, Cambridge, USA; available at http://www.broadinstitute.org/mpg/ haploview) (25) . Among these polymorphisms, the CTGF -945 G/C polymorphism exhibits a high frequency of minor alleles in a broad range of ethnicities, including the Japanese population. Moreover, CTGF -945 G/C is a functional SNP located in the putative transcriptional element region. The G allele has a higher transcriptional activity than the C allele (17) . Several studies have examined the relationship between CTGF polymorphisms and chronic inflammatory diseases (26, 27) . Most of these studies have reported that the CTGF -945 high transcriptional G allele is associated with susceptibility to various chronic inflammatory diseases, such as systemic sclerosis and cardiovascular events related to atherosclerosis. The present study indicated different findings, in that the higher transcriptional -945 G allele appears to play a protective role against chronic liver disease progression. Similar to our results, Dessein et al. reported that the rs6918698 (-945) C homozygote is associated with advanced liver fibrosis in schistosome-infected patients (25) . Indeed, the serum CTGF level has been observed to be increased in patients with chronic liver disease (28) , and the HCV core protein upregulates CTGF production in HSCs (29) . However, the physiological/pathological function of CTGF in liver tissue appears to differ in other organs and remains under discussion (30) . For example, the liver is likely to play a major role as a clearance organ for serum CTGF (30) . CTGF binds to low-density lipoprotein receptorrelated proteins (LRPs), which are abundantly expressed on hepatocytes and activated HSC membranes (30, 31) . CTGF bound with LRP is rapidly internalized and degraded in the endosomal/lysosomal compartment. The LRP is a coreceptor between Wnt and CTGF, and it has been demonstrated that CTGF interferes with the Wnt signaling pathway (31, 32) . The aberrant upregulation of the Wnt-betacatenin signal pathway enhances the activation and survival of HSCs, resulting in the progression of liver fibrosis. CTGF has also been reported to promote tumor development and growth (33) . However, our results suggest that lower transcriptional allele C homozygotes are at higher risk for HCC development than G allele carriers. As mentioned above, CTGF regulates the function of the Wnt signal pathway in a competitive manner. It has also been suggested that a higher CTGF expression induced by the -945 allele G suppresses fibrosis, carcinogenesis and tumor growth in liver tissue via the downregulation of the Wnt signal pathway in hepatocytes.
Furthermore, CTGF binds to VEGF165, a VEGF isoform, and suppresses the angiogenic activity (34) . The VEGF expression level is correlated with sinusoidal capillarization, which results in hepatocyte hypoxia associated with liver dysfunction and disruption of the portal circulation (35) . There is a possibility that CTGF provides protection against abnormal angioarchitecture remodeling, distinctive of cirrho-sis, by inhibiting VEGF. Furthermore it has been well demonstrated that HCC is one of the most vascular solid tumors, in which angiogenesis plays an important role in the development, progression and metastasis of HCC. Therefore, it is possible that the low transcriptional allele of CTGF is associated with a high rate of carcinogenesis of HCC.
The present study is associated with various limitations. For example, the sample size was relatively small and the statistical power was poor. In addition, there may be some potential biases, such as the selection of patients who were able to visit our university hospital continuously for medical tests. In addition, five years is still too short a duration to measure significant differences in the rate of liver fibrosis progression, as, in patients with HCV-related CH, the median rate of fibrosis progression per year is approximately 0.1 fibrosis units according to the METAVIR classification (36) . Future studies would be strengthened by increasing the sample size as well as following the patients longitudinally.
In conclusion, we herein demonstrated that the CTGF -945 G/C gene polymorphism influences fibrosis progression in patients with HCV-related chronic liver disease. In this study, patients with the lower transcription CTGF -945 C allele exhibited an accelerated rate of liver fibrosis progression. In addition, the CTGF -945 C homozygotes demonstrated shorter a survival time compared to the HCV-related HCC patients. Further studies using larger sample sizes are needed in order to confirm the association between the CTGF -945 G/C polymorphism and the progression of chronic liver disease.
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